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Integrated Technology Development

Material Synthesis & Fabrication
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Integrated Technology Development
Technology Pathway

FY12 | FY13 | FY14 | FY15 | FY16 | FY17
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Pulverized Coal Power Plant System

Post-combustion CO, Scrubbing ..

~81% COE Increase

Gas

Optional Bypass
(<90% Capture)

|

Air —»| Particula | CO,
Bsi?er e »QI—J Rirli:zi/ral : CEIgS
Coal —»| Removal | | Process*
* ID Fan _———— 4
Ash Low Pressure Steam _ | co,
Comp.
661
MWgross , 210502 _
i . , psia
Post-combustion advantages: 550 MWnet 0, To
Storage

» Back-end retrofit
» Slip-stream (0 to 90% capture)

Amine scrubbing Advantages:

» Proven Technology (Petroleum
refining, NG purification)

» Chemical solvent - High loadings at
low CO, partial pressure

* Relatively cheap chemical ($2-3/Ib)
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Key Challenges:

Dilute flue gas (12-15 volume %)

2-3 MM acfm for a 500-600 MWe plant
~50% currently scrubbed for SOx/NOXx
Increased cooling requirements




IGCC Power Plant System

Pre-combustion CO, Scrubbing

Cryogenic T
ASU
Steam Sulfur
95% ? 1000': RECOVery
Oxygen [ A
> Gasifier Syngas .
S0 OL PR g 000 gl);l;%is > Wa;?\rif(t;as > SCyonogi:rs > S'ZCI:r;?:n
Coal —» 1,800-2,500°F Quench P T p
Steam
Water Fuel Gas CO,
A Y
63% COE | | e
0 Ncrease Comp.
400 - 500°F—
CO, Emissions 450 Psia
Power Block CO, to Storage

IGCC CO, Capture Advantages:
 High chemical potential (Temp, Pcp,)
* Low Volume Syngas Stream

Selexol™ CO, Capture Advantages: Key Challenges:

- 30+ years of commercial operation (55 « Complex, integrated power process
worldwide plants) + Additional process (WGS) to get high

» Physical Liquid Sorbent capture rates

 Highly selective for H,S and CO, » Current technology (Selexol) requires

» CO, is produced at “some” pressure cooling and reheating
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Technologies
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Why the names?

...to show that the RUA

really works.
...S0 you know who you

should be talking to.
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lonic Liquids

\ — -
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N N Estimated 104 possible ionic liquids lodide Bromide Chloride
é: R +R,
Pyridinium Pyrrolidinium F F —E,F
F=B-F F*L°F
F
R, R4 /N N Tetrafluoroborate ~ Hexafluorophosphate
Rix) Ry Ry | Re CeHi3 — ’
R R - (o)
4 3 \\ - N ~ // F—I—SO3 )L _
Phosphonium Ammonium S S F o

F3C/ \\ // \C:F3 Trifluoromethylsulfonate Acetate
OO

R3\N’N\\N/R2

Ri~N"XN-R2 = — - FE O °
\—=/ ‘—(R1 ~1000 ionic liquids commercially F?—’(()_ £>( b \,<
aval I ab I e Triflouroacetate F
Imidazolium Triazolium TN

« Highly Tailorable Liquid Salts
— Negligible Vapor Pressure
— Good Thermal Stability
— High CO, solubility relative to CH,, N,, and H,,
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J. Chem Inf. Model. 2007 47, 1111-1122.



lonic Liquids
Chemical Informatics

Hunaid.Nulwala, CMU
RoberNERblnpson, URS

Regional University Alliance

Michael Lartey, ORISE

Inltlal
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Simulation Solubility ¢
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—— Molecular Chemical
Experiment Simulation Informatics Optimal
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Supported lonic Ligquid Membranes

+ IL

U U

IL Development Polymer Support

AN,

UL

Michael Lartey, ORISE
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Mixed Matrix Membranes
MOF-based Composites

Polymer Brian Adzima, ORISE

0 Q 0
JV“NQ—@% Membrane Hunaid Nulwala, CMU
(0] (0]
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® Py { ©
o - MMM
’ ‘ David Hopkinson, DOE
- Surendar Venna, ORISE
MOF
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Brian Kail, URS Particle
|
Nathaniel Rosi, Pitt + Q Bypass
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“True” MMM }
Transport
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Membrane Development
Fiber Modules and High Throughput Testing

Fiber Erik Albenze, URS
Fabﬁcaﬂon‘
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Shan Wickramanayake, URS

Dave Hopkinson, DOE
Much Too Thick (~200 micron)
Lie Hong, URS

Dave Luebke, DOE Still Too Thick (~20 micron)

Practical Membrane
Thickness (~1 micron)

® INSTL



Supported Amine Sorbents

Virtual
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Scale-up

Larry Shadle, DOE
Scott Chen, CCS
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Structurally Dynamic MOFs
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Christopher Matranga, DOE

Jeff Culp, URS

Andrew Allen, NIST
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20 Tom Brown, DOE
Fan Shi, URS
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Advanced Research Projects

Phase Change
Amino Acids
Comparison between 30 wt% MEA and 20 AA-K* salts

I

30 wt% MEA

Bingyun Li, WVU
Fan Shi, URS
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Advanced Research Projects

Layered Double Hydroxides

| High-throughput Multiscale Screening of CO, Solid Sorbents | StrUCtur ed Polymer
Jonathan Lekse, URS Membranes
Yuhua Duan, DOE N S ;.
| | COr
Film Casting selective
Domain

Brian Adzima, ORISE
i:w Krzysztof Matyjaszewski, CMU
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What’s Next?

* New Materials

* New Systems
Integration Schemes

 New Technological
Solutions for Carbon
Capture
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ldeas for Future Work?

Dave Luebke, Carbon Capture Technical Coordinator
— David.Luebke@netl.doe.gov

Yuhua Duan, Computational TTC
— Yuhua.Duan@netl.doe.gov
Hunaid Nulwala, Synthesis TTC

— Hunaid.Nulwala@contr.netl.doe.gov

Dave Hopkinson, Fabrication/Performance Testing TTC
— David.Hopkinson@netl.doe.gov

Evan Granite, Sorbent Development TTC
— Evan.Granite@netl.doe.gov

Jim Hoffman, Sorbent Process TTC

— James.Hoffman@netl.doe.gov

Nick Siefert, Systems Development TTC
— Nicholas.Siefert@netl.doe.gov
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